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Abstract
We investigate the charge distributions for the u and d quarks in transverse coordinate space
in a light-front quark-diquark model for the nucleons using the overlaps of the wave functions
constructed from the soft-wall AdS/QCD prediction. We have also obtained the charge distribu-
tions for proton and neutron in transverse coordinate space and compared it with the distributions
obtained in impact-parameter space. Further, we study the longitudinal momentum distributions
using the wave functions in the transverse coordinate space. We have also shown the explicit
fermionic and bosonic contributions for different struck u and d quarks.
PACS numbers: 12.38.Aw, 12.39.-x, 21.10.Ft
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I. INTRODUCTION
Hadronic structure and their properties, being nonperturbative in nature, are difficult
to understand from the first principle of Quantum Chromodynamics (QCD). In the last
decade, there have been numerous attempts to gain insight into the hadronic structure by
studying the QCD inspired models [1–4]. The quark-diquark model [5] is one of the most
successful QCD inspired models to investigate various aspects of hardonic properties where
the nucleon is considered to be a bound state of a single quark and a scalar or vector di-
quark state. Recently, a light-front scalar quark-diquark model for the nucleons inspired by
soft-wall AdS/QCD has been proposed [6] and extensively used to investigate and reproduce
many interesting properties of the nucleons [7–12]. The light-front wave functions (LFWFs)
in this model are obtained by matching the electromagnetic form factors of the hadrons in
the soft-wall model of AdS/QCD which has been successful in explaining various hadronic
properties, for example, hadron mass spectrum, Parton Distribution Functions (PDFs), Gen-
eralized Parton Distributions (GPDs), meson and nucleon form factors, transverse densities,
structure functions etc. [13–31].
The AdS/CFT correspondence [32] between the string theories of gravity in the AdS space
and conformal gauge field theories in the physical space-time provides a completely new set of
tool for studying the dynamics of QCD. One can represent the strong interactions of quarks
and gluons by a semi-classical gravity theory i.e., without quantum effects such as particle
creation and annihilation in higher dimensions. Even though, a perfect string theory dual of
QCD is not yet known, the AdS/CFT correspondence can still provide remarkable insight
into various properties/features of QCD including color confinement, qualitative explanation
for meson and baryon spectra and wave functions describing the hadron structure. QCD is
conformal in the ultraviolet (UV) region, whereas, in the infrared (IR) region, the confining
gauge theory with a mass gap is characterized by the scale ΛQCD and a well defined spectrum
of hadronic states. Light-front holography represents a remarkable connection between the
AdS space and the light-front framework where the wave amplitude propagating in the AdS
space is mapped into the light-front wave functions of hadrons in space-time in terms of a
light-front transverse variable ζ (giving the separation of the quarks and gluonic constituents
within the hadron) [33, 34].
The electromagnetic form factors, probed through elastic scattering, contain information
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about the internal structure of the nucleons. A Fourier transformation of these form factors
provides information about the spatial distributions of charge. The well known examples
include the charge and magnetization distributions inside the nucleons. One can obtain
the Dirac (charge) and Pauli (magnetic) form factors from the overlap of the LFWFs by
calculating the matrix element of electromagnetic current J+ in the light-front frame [35, 36].
In such a frame, the momentum transfer is the conjugate variable of the impact-parameter
and via Fourier transform with respect to the momentum transfer in transverse direction,
the form factors reflect the charge distributions of quarks in the impact-parameter space
[9, 37–45]. The charge distributions in the transverse coordinate space obtained form the
overlap of LFWFs in coordinate space have been studied [30, 46] and a comparison of charge
distributions in transverse impact-parameter space in different AdS/QCD models has been
reported in Refs. [8, 25].
The gravitational form factors related to the energy momentum tensor (T µν) also play
an important role in the understanding of hadronic physics. They have been studied in
both the light-cone and the AdS/QCD framework and can also be obtained from the second
moments of GPDs [10, 26, 47–52]. The gravitational form factors A(Q2) and B(Q2) can be
obtained from helicity non-flip and helicity flip matrix elements of the T++ tensor current
similar to the Dirac (F1(Q
2)) and Pauli (F2(Q
2)) form factors respectively. The transverse
spin sum rule and gravitational form factors have been studied [10]. The Fourier transform
of the gravitational form factor A(Q2) in the impact-parameter space has an interesting
interpretation [28, 40] as it gives the longitudinal momentum density (p+ density) in the
transverse impact-parameter space. A comparative study of longitudinal momentum densi-
ties in transverse impact-parameter space in two different soft-wall AdS/QCD models has
been carried out [26].
The authors in Ref. [46] had introduced the charge distribution in transverse coordi-
nate space and explicitly calculated the distribution considering a light-front quark-diquark
model where they had used the modified wavefuntions of QED Yukawa model. Similar
to charge distribution in transverse coordinate space, the distribution of longitudinal mo-
mentum (p+ distribution) in the transverse coordinate space can also be investigated. It
would be interesting to evaluate these distributions in the AdS/QCD framework which is
one of the most successful nonperturbative tools to study the hadronic properties. In the
present work, we study the charge as well as the longitudinal momentum distributions in
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the transverse coordinate space in a light-front quark-diquark model inspired by soft-wall
AdS/QCD and compare the consequences with the results obtained in [46]. We take the
phenomenological light-front quark-diquark model proposed by Gutsche et. al [6] with the
parameters given in Ref. [7]. In this model, the LFWFs for the proton are constructed
from the two particle wave functions obtained in soft-wall AdS/QCD [20]. The parameters
in this model are fixed by fitting to the electromagnetic form factors of the nucleons. To
obtain the charge distribution in coordinate space, we have taken the Fourier transform of
LFWFs in momentum space. These wave functions have been used to obtain the charge
distribution in coordinate space. Using the charge and isospin symmetry, we have also cal-
culated the charge distributions for proton and neutron. We have also presented the result
for longitudinal momentum distribution for u and d quarks. We have considered the dif-
ferent struck quarks to obtain longitudinal momentum distributions. Explicit results of the
fermionic and bosonic contributions for longitudinal momentum distributions in coordinate
space have been presented. It is important to mention here that even though both r and
|b⊥| are conjugate to momentum k and momentum transferred ∆⊥ respectively, still the
density in impact parameter space cannot be interpreted as coordinate space density. The
quark-scalar diquark model has been shown to reproduce many interesting nucleon proper-
ties [6–12], but since only scalar diquark is considered in this model, the model might not
reproduce correctly the nucleon observables involving orbital angular momentum and spin
of the quarks and diquarks.
The paper is organized as follows. In Section II, a brief introduction about the nucleons
LFWFs of a quark-diquark model in AdS/QCD is given. We discuss the charge distributions
in transverse coordinate space for the u and d quarks as well as the nucleons in Section III. In
Section IV, we present the relation between the charge distributions in transverse coordinate
space and the impact-parameter space. The results of longitudinal momentum distributions
in transverse coordinate space for proton and the quarks and diquarks contributions to the
distributions for different struck quarks u and d are presented in Section V. Finally, we
summarize our work in Section VI.
4
II. LIGHT-FRONTQUARK-DIQUARK MODEL CONSTRUCTEDBY ADS/QCD
Here we consider a light-front quark-diquark model for the nucleons [6] where the LFWFs
are modeled from the soft-wall AdS/QCD solution. In this model, one can contemplate the
three valence quarks of the nucleons as an effectively composite system composed of a fermion
(quark) and a composite state of diquark (boson) based on one loop quantum fluctuations.
The Dirac and Pauli form factors for quarks in this model can be evaluated in terms of
overlap of the LFWFs [35, 36] as
F q1 (Q
2) =
∫ 1
0
dx
∫ d2k⊥
16pi3
[
ψ+∗+q (x,k
′
⊥
)ψ++q(x,k⊥) + ψ
+∗
−q (x,k
′
⊥
)ψ+
−q(x,k⊥)
]
, (1)
F q2 (Q
2) = −
2Mn
q1 − iq2
∫ 1
0
dx
∫
d2k⊥
16pi3
[
ψ+∗+q (x,k
′
⊥
)ψ−+q(x,k⊥)
+ ψ+∗
−q (x,k
′
⊥
)ψ−
−q(x,k⊥)
]
, (2)
with k′
⊥
= k⊥ + (1 − x)q⊥ for the struck quark. Here x is the light-cone momentum
fraction and ψλNλqq(x,k⊥) are the LFWFs with nucleon helicities λN = ± and for the struck
quark λq = ±, where plus and minus correspond to +
1
2
and −1
2
respectively. In the frame
q = (q+, q−,q⊥) = (0, 0,q⊥), we have Q
2 = −q2 = q2
⊥
. The LFWFs defined at an initial
scale µ0 = 313 MeV [6] are given as
ψ++q(x,k⊥) = ϕ
(1)
q (x,k⊥) ,
ψ+
−q(x,k⊥) = −
k1 + ik2
xMn
ϕ(2)q (x,k⊥) ,
ψ−+q(x,k⊥) =
k1 − ik2
xMn
ϕ(2)q (x,k⊥) , (3)
ψ−
−q(x,k⊥) = ϕ
(1)
q (x,k⊥),
where ϕ(i=1,2)q (x,k⊥) are the modified wave functions constructed by soft-wall AdS/QCD,
after introducing the parameters a(i)q and b
(i)
q for quark q [6] and are defined as
ϕ(i)q (x,k⊥) = N
(i)
q
4pi
κ
√
log(1/x)
1− x
xa
(i)
q (1− x)b
(i)
q exp
[
−
k2
⊥
2κ2
log(1/x)
(1− x)2
]
. (4)
For a(i)q = b
(i)
q = 0, ϕ
(i)
q (x,k⊥) reduces to the AdS/QCD solution [20]. In this work, we
have taken the AdS/QCD scale parameter κ = 0.4 GeV, obtained by fitting the nucleon
form factors in the AdS/QCD soft-wall model [23, 24]. All the parameters a(i)q and b
(i)
q with
the constants N (i)q are determined by fitting the electromagnetic properties of the nucleons:
F q1 (0) = nq and F
q
2 (0) = κq where the number of valence u and d quarks are nu = 2 and
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nd = 1 in proton and the anomalous magnetic moments for the u and d quarks are κu = 1.673
and κd = −2.033 [7] . One can write the flavor decompositions of the Dirac and Pauli form
factors of nucleons in a straightforward manner as
F
p(n)
i = euF
u(d)
i + edF
d(u)
i , (i = 1, 2) (5)
where eu and ed are the charges of u and d quarks in units of positron charge (e). The nucleon
form factors as well as the flavor form factors in this model have already been calculated in
Ref. [8] and are found to agree very well with the experimental data.
III. CHARGE DISTRIBUTIONS IN COORDINATE SPACE
In order to evaluate the charge density in coordinate space, the LFWFs in the transverse
coordinate space ψ˜(x, r⊥) can be obtained by taking the Fourier transform of the LFWFs
in the momentum space ψ(x,k⊥), as
ψ˜(x, r⊥) =
∫
d2k⊥
(2pi)2
eik⊥·r⊥ψ(x,k⊥). (6)
The charge distribution in transverse coordinate space for a particular flavor in the quark-
diquark model is defined as [46]
P qf (r) =
∫
dxP qf (x, r) =
∫
dx
[
ψ˜+∗+q (x, r⊥)ψ˜
+
+q(x, r⊥) + ψ˜
+∗
−q (x, r⊥)ψ˜
+
−q(x, r⊥)
]
, (7)
where r = |r⊥|. To obtain the charge distribution in transverse coordinate space in the
light-front diquark model where the two-particle wave function is modeled from the soft-
wall AdS/QCD, we first calculate the LFWFs in transverse coordinate space via Fourier
transform of the wave functions given in Eq.(3)
ψ˜+q+(x, r⊥) =
∫
d2k⊥
(2pi)2
eik⊥·r⊥ψ+q+(x,k⊥)
=
N1q
2pi
4pi
κ
√
log(1/x)
1− x
xa
1
q (1− x)b
1
q
e−r
2/4g
2g
,
ψ˜+q−(x, r⊥) =
∫
d2k⊥
(2pi)2
eik⊥·r⊥ψ+
−q(x,k⊥)
= −i
N2q
2pi
4pi
κ
√
log(1/x)
1− x
xa
2
q(1− x)b
2
q
Mx
(r1 + ir2)e
−r2
4g
4g2
,
ψ˜−q+(x, r⊥) =
∫
d2k⊥
(2pi)2
eik⊥·r⊥ψ−+q(x,k⊥)
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= i
N2q
2pi
4pi
κ
√
log(1/x)
1− x
xa
2
q (1− x)b
2
q
Mx
(r1 − ir2)e
−r2
4g
4g2
,
ψ˜−q−(x, r⊥) =
∫
d2k⊥
(2pi)2
eik⊥·r⊥ψ−
−q(x,k⊥)
=
N1q
2pi
4pi
κ
√
log(1/x)
1− x
xa
2
q (1− x)b
2
q
Mx
e
−r2
4g
2g
, (8)
where g = log(1/x)
2κ2(1−x)2
. Substituting Eq.(8) in Eq.(7), we can evaluate the charge distributions
for a particular flavor in transverse coordinate space and is given as
P qf (r) =
∫
dx
log(1/x)
(1− x)
[
(N1q )
2x2a
1
q (1− x)2b
1
q + (N2q )
2x
2a2q (1− x)2b
2
q
x2M2n
r2
4g2
]
1
κ2g2
e
−r2
4g . (9)
As for the case of decomposition for Dirac and Pauli form factors in Eq.(5), using charge and
isospin symmetry, we can write the charge distributions for the nucleons [25, 46] as follows
P p = euP
u
f + edP
d
f =
4
3
P u −
1
3
P d,
P n = euP
d
f + edP
u
f =
2
3
P d −
2
3
P u, (10)
where P qf (r) and P
q are the charge distributions for a particular flavor present in the nucleon
and the individual quark respectively. Thus, the individual quark distributions are related
to the charge distribution of a particular flavor present in the proton is
P u =
P uf
2
,
P d = P df . (11)
IV. CHARGE DENSITIES IN IMPACT-PARAMETER SPACE
According to the standard interpretation [25, 37–40], the charge density in the impact-
parameter space can be identified with the two-dimensional Fourier transform of the Dirac
form factor in the light-cone frame with q+ = q0 + q3 = 0
ρch(b) =
∫
d2q⊥
(2pi)2
F1(q
2)eiq⊥·b⊥, (12)
where the impact-parameter, b = |b⊥|. Using the Dirac form factor in term of overlaps
of LFWFs defined in Eq.(1), we can write the charge density for a particular flavor in the
nucleon as
ρqfch(b) =
∫
d2q⊥
(2pi)2
eiq⊥·b⊥
1
4pi
∫ 1
0
dx
∫
d2k⊥
(2pi)2
[
ψ+∗+q (x,k
′
⊥
)ψ++q(x,k⊥)
+ψ+∗
−q (x,k
′
⊥
)ψ+
−q(x,k⊥)
]
. (13)
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Now, using the elementary theorem of convolutions and Fourier transform (see the appendix
A), the above Eq.(13) can be re-written as [46]
ρqfch(b) =
1
4pi
∫ 1
0
dx
1
(1− x)2
[
ψ˜+∗+q
(
x,
b⊥
x− 1
)
ψ˜++q
(
x,
b⊥
x− 1
)
+ψ˜+∗
−q
(
x,
b⊥
x− 1
)
ψ˜+
−q
(
x,
b⊥
x− 1
)]
,
=
1
4pi
∫ 1
0
dx
1
(1− x)2
P qf
(
x,
b⊥
x− 1
)
. (14)
This relation shows that the coordinate space density is not the same as impact parameter
space density. Though both r and |b⊥| are conjugate to momenta, there is still a distinction
between these two. r is conjugate to the momentum k whereas b⊥ is conjugate to the
momentum transferred ∆⊥. So, interpreting the density in impact parameter space as the
coordinate space density is not correct. Similar calculations have been carried out in Ref. [46]
where they have calculated the charge distribution in transverse coordinate space, however
the factor 1
4pi
is missing in the relation between charge distributions in impact-parameter
space and the transverse coordinate space. Now, the charge densities for nucleons can be
written in term of flavor densities [9, 25] as follows
ρpch = euρ
u
fch + edρ
d
fch,
ρnch = euρ
d
fch + edρ
u
fch. (15)
Due to the charge and isospin symmetry, the u and d quark densities in the proton are
same as the d and u quark densities in the neutron [25, 37]. Under the charge and isospin
symmetry, one can write
ρuch(b) = ρ
p
ch +
ρnch
2
=
ρufch
2
,
ρdch(b) = ρ
p
ch + 2ρ
n
ch = ρ
d
fch, (16)
where ρqch(b) is the charge density of each quark and ρ
q
fch is the charge density for a particular
flavor.
In Fig.1, we show the charge distributions for u and d quarks in the transverse coordinate
space. The charge distributions for u and d in impact-parameter space are also shown in
the same plot. With 2σ error in the model parameters, we estimate the errors in the model
predictions. The bands in the plots show the error in our model. For u quark the errors
come out to be very small with 2σ uncertainty in the model parameters. We observe that
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FIG. 1. (colour online) Charge distribution P q(r⊥) and ρ
q
ch(b⊥) in the transverse coordinate and
impact-parameter spaces respectively for the (a) u quarks and (b) d quarks, where r = |r⊥| and
b = |b⊥|. The blue solid lines represent the quark-diquark model in AdS/QCD (this work) and
the red dashed lines represent the phenomenological model [46]. The bands in the plots represent
the errors in the model predictions. For u quark the bands are very small.
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FIG. 2. (colour online) Charge distribution P p,n(r⊥) and ρ
p,n
ch (b⊥) in the transverse coordinate
and impact-parameter spaces respectively for the (a) proton and (b) neutron. The blue solid lines
represent the quark-diquark model in AdS/QCD (this work) and the red dashed lines represent the
phenomenological model [46].The bands in the plots represent the errors in the model predictions.
the magnitude of charge distributions in impact-parameter is larger than the distributions
in transverse coordinate space. The charge distributions for proton and neutron in both
transverse coordinate and impact-parameter spaces are plotted in Fig.2. Since these quan-
tities are not directly measured in experiments, actual experimental data are not available.
Thus, we compare the distributions for both quarks and nucleon with the results of another
phenomenological model [46]. We observe that the quark-diquark model in AdS/QCD is
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FIG. 3. (colour online) Charge distribution (a) P u(x, r⊥) and (b) P
d(x, r⊥) in the transverse
coordinate space as a function of r⊥ and x.
(a)
0
0.2
0.4
0.6
0.8
1 0
0.5
1
1.5
2
0
5
10
r [fm]
x
Pp
(x,
r) 
[fm
−
2 ]
(b)
0
0.2
0.4
0.6
0.8
1 0
0.5
1
1.5
2
−1.5
−1
−0.5
0
0.5
r [fm]
x
Pn
(x,
r) 
[fm
−
2 ]
FIG. 4. (colour online) Charge distribution (a) P p(x, r⊥) and (b) P
n(x, r⊥) in the transverse
coordinate space as a function of r⊥ and x.
in good agreement with the phenomenological model for the charge distributions in impact
parameter plane. Though, one can see from Fig.2(b), that the two models do not agree for
the charge distributions for neutron and at low r⊥, the phenomenological model gives higher
values of P (r) (except P d), the overall behaviors of the distributions in both the models
are qualitatively the same. One can notice that the width of the distributions in coordinate
space is larger than that in impact-parameter space. It can be understood from the rela-
tion between these two distributions shown in Eq.(14) where b⊥
x−1
appears in place of r⊥ in
the argument of P (x, r⊥). We also observe that the proton (neutron) charge density and
distribution has a long range positively (negatively) charged component. The charge distri-
bution for neutron is observed to be mostly negative though it also shows a slightly positive
distribution whereas for proton it remains positive. This shows that charge distribution for
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neutron has a negatively charged core surrounded by a positively charged shell. For proton,
we notice that, the density is peaked at low values of b and has a long positive tail. Similar
behavior of the charge distributions has been observed in other phenomenological models
[30, 46].
In order to get more information about the distributions P (x, r⊥), we plot the distribu-
tions as a function of x and r⊥. In Fig.3, we show the distributions P (x, r⊥) for individual
u and d quarks as a function of x and r⊥. Similar plots for proton and neutron are shown in
Fig.4. We observe that all the distributions are peaked at lower x and with increasing the
value of x, the magnitudes of the charge distributions decrease. However, the magnitude of
the distributions for u and d quarks are more or less same.
V. LONGITUDINAL MOMENTUM DISTRIBUTION: COORDINATE SPACE
For a spin-half composite system, similar to the electromagnetic form factors, the grav-
itational form factors A(Q2) and B(Q2) can be obtained from the helicity conserving and
helicity-flip matrix elements of the T++ tensor current. A(Q2) and B(Q2) are analogous
to F1(Q
2) (Dirac) and F2(Q
2) (Pauli) form factors for the J+ vector current. The helicity
conserved form factor A(Q2) allows one to measure the momentum fractions carried by each
constituent of a hadron. The gravitational form factors in the light-front quark-diquark
model can be obtained in terms of the overlap of the wave functions as [10, 36]
Aq(Q2) =
∫ 1
0
dx
∫ d2k⊥
16pi3
x
[
ψ+∗+q (x,k
′
⊥
)ψ++q(x,k⊥) + ψ
+∗
−q (x,k
′
⊥
)ψ+
−q(x,k⊥)
]
, (17)
Bq(Q2) = −
2Mn
q1 − iq2
∫ 1
0
dx
∫ d2k⊥
16pi3
x
[
ψ+∗+q (x,k
′
⊥
)ψ−+q(x,k⊥)
+ ψ+∗
−q (x,k
′
⊥
)ψ−
−q(x,k⊥)
]
. (18)
The ++ component of the energy-momentum tensor (T µν) provides the longitudinal mo-
mentum
P+ =
∫
dx−d2x⊥T++. (19)
Using the LFWFs in transverse coordinate space we can now define the longitudinal mo-
mentum distribution in the transverse coordinate space for a struck flavor q (fermionic)
P fLq(flavor)(r) =
∫
dxP qL(x, r) =
∫
dx x
[
ψ˜+∗+q (x, r⊥)ψ˜
+
+q(x, r⊥) + ψ˜
+∗
−q (x, r⊥)ψ˜
+
−q(x, r⊥)
]
11
=
∫
dx x
log(1/x)
(1− x)
[
(N1q )
2x2a
1
q (1− x)2b
1
q + (N2q )
2x
2a2q (1− x)2b
2
q
x2M2n
r2
4g2
]
1
κ2g2
e
−r2
4g ,
(20)
and for the diquark (bosonic)
P bLq(flavor)(r) =
∫
dxP bL(x, r) =
∫
dx (1− x)
[
ψ˜+∗+q (x, r⊥)ψ˜
+
+q(x, r⊥) + ψ˜
+∗
−q (x, r⊥)ψ˜
+
−q(x, r⊥)
]
=
∫
dx (1− x)
log(1/x)
(1− x)
[
(N1q )
2x2a
1
q (1− x)2b
1
q + (N2q )
2x
2a2q (1− x)2b
2
q
x2M2n
r2
4g2
]
1
κ2g2
e
−r2
4g .
(21)
Thus, the longitudinal momentum distributions for the proton in transverse coordinate space
for the struck u and d quarks are given as
P pLu(r) =
1
2
[P fLu(flavor) + P
b
Lu(flavor)] = P
f
Lu + P
b
Lu,
P pLd(r) = [P
f
Ld(flavor) + P
b
Ld(flavor)] = P
f
Ld + P
b
Ld. (22)
For P pLu, the
1
2
factor appears due to two possibilities of struck quark being a u quark (two
valence u quark in proton).
As in the case of the electromagnetic form factors F1(q
2) and F2(q
2), the electromagnetic
densities were defined from the Fourier transforms, one can in a similar manner interpret
the two-dimensional Fourier transform of gravitational form factor A(Q2) as the longitudinal
momentum densities in the impact-parameter plane [10, 26, 28, 40] as follows
ρL(b) =
∫ d2q⊥
(2pi)2
A(q2)eiq⊥·b⊥. (23)
Using the gravitational form factor in Eq.(17) in terms of wave functions and the basic
theorem of convolutions (see appendix A), we can relate the longitudinal momentum density
ρL(b) in the impact-parameter space with the density PL(r) in transverse coordinate space.
For the quark (fermion), the longitudinal momentum density in the impact-parameter space
is given as
ρfLq(b) =
1
4pi
∫ 1
0
dx
1
(1− x)2
P fLq
(
x,
b
x− 1
)
=
1
4pi
∫ 1
0
dx
x
(1− x)2
P qf
(
x,
b
x− 1
)
. (24)
For the diquark (boson), the longitudinal momentum density in the impact-parameter space
is given s
ρbLq(b) =
1
4pi
∫ 1
0
dx
1
x2
P bLq
(
x,
b
x
)
=
1
4pi
∫ 1
0
dx
1− x
x2
P qf
(
x,
b
x
)
. (25)
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FIG. 5. (colour online) Longitudinal momentum distributions (a) P
f/b
L for struck u quark, (b) P
f/b
L
for struck d quark d and (c) P pL for proton when struck quarks are u and d. The blue solid lines
represent the quark-diquark model in AdS/QCD (this work) and the red dashed lines represent the
phenomenological model [46]. The error bands shown in the plots are estimated from the errors in
the model parameters.
Therefore, the longitudinal momentum distribution in b⊥-space for the nucleons can be
expressed as
ρNLq(b) = ρ
f
Lq(b) + ρ
b
Lq(b). (26)
The longitudinal distributions in the impact-parameter plane in the light-front quark-
diquark model in AdS/QCD has been investigated in [10] but in the present work we extend
the calculations to study the longitudinal momentum distribution in transverse coordinate
space. In Fig.5, we show the longitudinal momentum distributions in transverse coordinate
space in the light-front quark-diquark model using the wave functions modeled by soft-wall
AdS/QCD. The quark (fermionic) and diquark (bosonic) contributions are shown in Fig.5(a)
and 5(b) for different struck u and d quarks respectively. The total distribution for proton
(quark + diquark) is shown in Fig.5(c). The figures show that the diquark contributions
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FIG. 6. (colour online) Longitudinal momentum distributions P fLq(x, r⊥) and P
b
Lq(x, r⊥) as a
function of r⊥ and x. Left panel: when the struck flavor is u and the diquark is ud; right panel:
when the struck flavor is d and the diquark is uu.
are comparatively larger than the quark contributions for both the cases where the struck
quarks are u and d. Comparing with the phenomenological model, one finds that both
the contributions from the quark and diquark to the proton distribution are larger in phe-
nomenological model as compared to that in the quark-diquark model in AdS/QCD when
the struck quark is u quark. The total distribution i.e. quark+diquark distribution should
be independent of the struck quark. For the case of proton, the total distribution for u struck
quark is slightly larger than that for the d struck quarkwhereas the difference between these
two distributions is quite large in the phenomenological model considered. So, we can say
that the quark-diquark model in AdS/QCD is better compared to the phenomenological
model considered here. The distribution PLq as a function of x and r for fermionic part
as well as the bosonic part considering different struck quark are plotted in Fig.6. We find
that the fermionic distributions have the peak near the middle of x whereas for bosonic
distributions, the peak shifts to lower x. The fall-off of quarks distributions (Fig.6(a) and
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FIG. 7. (colour online) Longitudinal momentum distributions PLq(x, r⊥) for proton as a function
of r⊥ and x, (a) for struck flavor u and (b) for struck flavor d.
Fig.6(b)) at large x are slower than the diquark distributions (Fig.6(c) and Fig.6(d)). The
magnitudes of the diquark distributions are quite large compared to quark distributions.
Thus, the peak of the total (quark + diquark) distributions effectively appears at lower
x but the fall-off the total distributions are little slower than the diquark distributions as
shown in Fig.7. The magnitudes of the total distributions for different struck quarks are
almost the same.
VI. SUMMARY AND CONCLUSIONS
In the present work, we have presented the charge distributions in transverse coordinate
space for u and d quark as well as for the nucleons in a light-front quark-diquark model
where the wave functions are modeled from the solution of two particle wave function in
the soft-wall AdS/QCD correspondence. We have compared the charge distributions with
the charge densities in impact-parameter space. A relation between the distributions in
transverse coordinate space and the impact-parameter plane has been shown. It has been
found that the charge distributions in coordinate plane are more widely spread compared
to the impact-parameter distributions. This phenomena can be clearly understood from the
relation between these two different distributions which implies that the r⊥ is equivalent to
b⊥
x−1
in P (r⊥). The distributions P (x, r⊥) for the quarks and the nucleons have the peak at
lower x values and gradually decrease in magnitude with increasing x. The distribution for
neutron is mostly negative but it has also a small positive distribution which suggests that
the central charge density is negative covered by a positively charged shell.
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We have also studied the longitudinal momentum distributions for proton and the indi-
vidual distribution for quark (fermionic) and diquark (bosonic) in the transverse coordinate
space from the gravitational form factors. It has been observed that the diquark distribu-
tions are larger than the quark distributions but when the quark and diquark contributions
are added up, they provide more or less same proton distributions for different struck u and
d quarks. PLq(x, r⊥) for quarks has the peak near the middle value of x but for diquark the
peak is at lower x value. The diquark distributions fall faster than the quark distributions
at large x. Since PLq(x, r⊥) for diquarks are large compared to that for quarks, the proton
distributions have the peak at small x. The distributions however fall slower than the di-
quark distributions. It is important to mention here that the density in impact parameter
space cannot be interpreted as coordinate space density even though both r and |b⊥| are
conjugate to momentum k and momentum transferred ∆⊥ respectively.
Appendix A: Elementary theorems about convolutions and Fourier transforms
If we have any two functions, f(k⊥) and g(k⊥) such that
f(k⊥) =
∫
d2r⊥e
−ik⊥·r⊥ f˜(r⊥), g(k⊥) =
∫
d2r⊥e
−ik⊥·r⊥ g˜(r⊥), (A1)
where f˜(r⊥) and g˜(r⊥) are the Fourier transform of f(k⊥) and g(k⊥) respectively. Then the
form factor which can be written as
G(q⊥) ≡
∫
d2k⊥
(2pi)2
f ∗(k⊥ − aq⊥)g(k⊥), (A2)
becomes diagonal in Fourier space and we have
∫
d2q⊥
(2pi)2
eiq⊥·b⊥G(q⊥) =
1
|a|2
f˜ ∗
(b⊥
a
)
g˜
(b⊥
a
)
. (A3)
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